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fn th is thesis exper imental  techniques are descr ibed that  are
extensions of  two exist ing coherent  spectroscopic methods (chapter 3)  .
A theoret ical  f ramework capable of  expla in ing temperature and coherence
exchange ef fects in molecular  mixed crystals is  out l ined (chapters 2 and
4 \ .  F i na l I y  t he  f eas ib i l i t y  o f  nea r - r esonance  l i gh t  sca t t e r i ng  and
relaxed f luorescence l ine narrowing methods is  examined both theoret ical ly
( chap te r  5 )  and  expe r imen ta l l y  ( chap te r  6 ) .
In chapter 3 a saturat ion hole burninq technique is  presented,  based
on  t he  i dea  t ha t  t he  l i neshape  o f  t he  ho le ,  bu rn t  by  an  i n t ens i t y -
modulated saturat ing laser beam, may be extracted f rom the f luorescence
generated dur ing the probing process wi th a second intensi ty-modulated
beam: the re levant  f luorescence is  the one detected on the sum or
d i f f e rence  o f  bo th  modu la t i on  f r equenc ies .  Th i s  me thod  a l l ows  t he
measurement of  non-persistent  holes and th is is  exper imental ly  demonsbr:at-eJ
on  t he  v i b ra t i on l ess  e l ec t r on i c  t r ans i t i on  ( o r i g i n )  o f  pen tacene  i n
naph tha lene .  Pu r t he r  an  op t j ca l  f r ee  i nduc t i on  decay  t echn ique  i s
d a c n r i h a d  i n r r n l r z i n a  f l r a  r r c a  n f  o v f r : - n : r z i J - r r ' l r c a r  f r o n t r o n n r r  q w i f c h i n n .
t h i s  enab les  t he  de te rm ina t i on  o f  sub -nanosecond  dephas ing  t imes  and  i s
i l l u s l r a ted  by  an  expe r imen t  on  pen tacene  i n  p - t e rpheny l .  The  ma jo r
res t r i c t i on  t o  t he  f eas ib i l i l y  o f  bo th  t echn iques  p roves  t o  be  t he
enhancemen t  o f  power  sa tu ra t i on  by  bo t t ) eneck  e f f ec t s  i n  t he  popu la t i on
c r r c l i n o  d r l c  i - o  t h e  n r e q ê n . e  o f  t r i n l ê t  s t Á t e s  o f  I o n o  I  i f e t i m e s .
Much at tent ion is  devoted to a dephasing theory in a form adapted
t o  t h ê  t e r m i n o l o o v  o f  o n f i e a l  q n ê c t r o q e o n v -  O n t i c Á l  v e r s i o n s  o f  t h e  w e l l -
known  Red f i e l d  and  I i nea r  r esponse  t heo r i es  a re  p resen ted  i n  chap te r  2  i n
a  de ta i l ed  f ash ion .  Fa r  l ess  known  (a t  l eas t  i n  t he  op t i ca l  l i t e ra tu re )
i s  t he  resu l t  d i s cussed  he re ,  t ha t  cohe rence  exchange  phenomena  a re  m ic ro -
scop i ca l l y  i n t e rp re tab le  us i ng  e i t he r  f o rma l i sm :  t h i s  immed ia te l y  p rov i des
the so far  not  recognized l ink between these theor ies and those recent ly
p roposed  f o r  op t i ca l  exchange  based  on  s t . ochas t i c  i n t e rac t i ons .
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Part icular ly  emphasized is  the f inding that  exchange only occurs amonq
resonan t  t r ans i t i ons  and  i s  desc r i bed  l n  t e rms  o f  i n t e r f e r i ng  i ne l as t i c
processes.  Armed wi th th is knowledge, in chapter  4 the s i tuat ion typical
f o r  mo lecu la r  m i xed  c r ys ta l s  i s  d i scussed .  Exp l i c i t  exp ress ions  f o r  t he
re l evan t  ( l i nea r  and  quad ra t i c )  e l ec t r on -phonon  coup l i ng  pa rame te rs  a re
de r i ved :  t hese  a re  d i f f e ren t  f r om  those  cus tomar i f y  used .  Common ly
e lec t r on -phonon  coup l i ng  e f f ec t s  a re  d i scussed  i n  t e rms  o f  two - l eve l
f  i  neshaoe  t hêo r i  É ) s  qe t  r r n  f o l i  no roan  i  .  qvs t . ems  -  Tn  con t ras t  w i t h  t h i s
t he  p resen ted  d i scuss ion  i s  g i ven  i n  t e rms  o f  Red f i e l d  Lheo ry  app l i ed  t o
bo th  two - l eve l  and  f ou r - l eveL  mode l s  ' f o r  o rgan i c  impu r i t y  sys tems .
Exp ress ions  a re  de r i ved  f o r  t he  dephas ing  i nduced  by  acous t i ca l ,  op l i ca l
and  (pseudo - )  l oca l  modes .  ! ' l i t h i n  t he  two - f eve l  mode l s  ( quas i - )
exponen t i a l  ac t i va t i on  i s  i nduced  by  pseudo - Ioca l  and  op t i ca l  phonons ,
buL  i t  i s  shown  t ha t  t he  va l i d i t y  o f  t hese  t heo r i es  i s  on l y  wa r ran ted  i f
t he j r  bandw id ths  a re  su f f i c i en t l y  l a rge .  When  Lh i s  cond i t i on  i s  no t
sa t i s f i ed ,  t he  reduc t j - on  scheme  has  t o  be  a l t e red :  t he  i n t r oduced  f ou r -
level  model  inc luding pseudo- local  modes proves to expla in the
expe r imen ta l l y  f ound  dephas ing  cha rac te r i s t i c s  o f  pen tacene  i n  va r i ous
hos t  c r ys ta l s .  A  f u r t he r  ou t come  o f  t h i s  t heo ry  i s  t ha t  cohe rence
exchange  i n  op t i ca l  L rans iL i ons  i s  i nduced  by  phonon  anha rmon i c i t y  and
on l y  occu rs  when  res i dua l  dephas ing  p rocesses  p l ay  a  m ino r  r o l e .
A  s imp le  t heo ry  o f  non -Markov ian  e f f ec t s  i n  r esonance  sca t t e r i ng
s p e c l r a  ( c h a p t e r  5 )  i s  u s e d  t o  i l l u s t r a t e  w h y  i n t e r e s l  r e v i v e d  i n  t h e s e
techniques next  to the coherent  methods.  Exchange proves to be an
examp le  o f  such  an  e f f ec t .  The  ra t i o  o f  t he  resonance  Raman  and
f l uo rescence  i n t ens i t i e s  i s  shown  t o  d i r ec t l y  mêasu re  t he  p rope r
d e n h a s i n o  I  i m e  o n l v  i n  c a q ê  o f  c o r r e l a t e d  f l - u c l u a t i o n s  i n  t h e  i n i t i a l ,
i n t e rmed ia te  and  f Í na l  l e ve l s  o r  unde r  cond i t i ons  o f  spec t ra l  r eso lu t i on .
I n  con t ras t  t o  t he  Ray le i gh - f l uo rescence  ra t i o  i t  i s  no t  sens i t Í ve  t o
t r i p l e t  bo t t l eneck  e f f ec t s .  Un fo r t unaLe l y  t he  measu remen ts  pe r f o rmed
on  pen tacene  i n  naph tha lene  ( chap te r  6 )  demons l r a te  t ha t  t he  use fu l - ness
o f  t hese  me thods  i s  se r i ous l y  I im i t ed  gene ra l f y  by  i r i t se r f e rence  w i t h
2 ro
other transit ions and by inhomogeneous broadening effects. Experimental ly
indications are found that the a-bove ratio (and consequently the pure
dephasing t ime) is sensit ive to concentrat ion variat ions in this system.
Strong correlations betr^reen the inhomogeneous distributions of
the dist inct transit ions in conjunction with site selective vibrat ional
relaxation found for this system turn out to cause narrowing effects in
relaxed fluorescence: from a temperature dependent study vibronic
relaxation t imes are determined. Vibrat ional relaxation t imes are
extracted from Raman line vridth measurements: these reveal that pseudo-
local modes also play a crucial rol-e in the groundstate vibrat ional
dephasing. The observed behaviour is compared with a model involving
vibrat ional exchanqe effects: quite unexpectedly intermediate rather than
fast vibrational exchange seems to be the most probable dephasing
mechanism within the crroundstate manifold.
